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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a voltage conversion 
buffer circuit which realizes the fast flip-flop operation of a 
level shifter flip-flop part for both the changes from HIGH 
to LOW and from LOW to HIGH of an input data signal. 
SOLUTION: This circuit has a delay block 4, transistors M3 
and M5 whose drive performance is set weakly in a level 
shifter flip-flop par 2 and plural transistors M7 and M8 
having the same type. It is provided with a delay driving part 
3 which aids the drive performance of the transistor M3 and 
M5 whose drive performance is weaker and aids a flip-flop 
operation which is set weakly owing to the unbalance and is 
weaker in the part 2. 
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1 

x.7tSffi^m^-^ :7 r iHlS&o 

^(T^Piilttt^d^ tills pf^-^V-^^/U h ^V'S^y^^O^ 

Sittii J: t) ai< ?ii -5 J: 5 Jc^A ^ n-r *5 . 
t1j|5U'^/Uiy>^j? — >^ y yyyu yy^m^^. 

t. 

ifli ^ tiit'm 2 o n -V v^/u h ^ v^^;^ , 
&^^^<yyr\Bim<r>m^m'^t{c^ff^^ti. ^(DKi^ 

lam (Dn'^^^'^^ji^ hy>iyy^^(D \^\^-( y\z^f^^ 
iXs ^<D}^}y^>tmU^2<On'^^>'^/Uhy>i>y^ 
^(D Ku-^ >'tc«fit$tiVi:«2<7?p5^-^>';^^yu h7>'^^ 

fc:|?3<?:)pf^-\'>'Jt;yu h 7 ^i: , 

-toy— stop^-^v^^u h^:^:>>;5^^t7D K 
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U'-Y ^^IC^R^^Gtlfcll4 O p f^-^ V-t^/i- h y >'-Jys^ 
t. 

mum,&^^y< yyy lH]Kc7>ftj|Ea;^«^ h ^lem 4 

5iJ^^Hi:rfttIlBm4 i7> p^^V';!;/^ h7>'v^;^J5'cDy- 
^^cfi^■t-^3i5g7^^ yi^ t^^'t^z.biim^t'i'^ 
IS*JB 1 l5«tOSjES^gi/^ yyy HKo 

10 y 5/^:7 D 5':/W«oflij|asi/^*-co>' y y^yn y^Wi^ 
fS^JI 2 IE«omEE^Si/N' :7 r msSo 
y^^^z.t^^mt'T^ 2 IB« (D«iES 5. :7 r 

— yy yyyn yy%\Z,^\»^xmt^x>^^l^^f^^Vy\y 

it? m?&\^^/ui^y^ — yvyyyr:^yymt. 

y-;^:&^ftilfS^«i^ti7t'r'-^$^ft-^omf5mEE U-</KO 

fa;^<E ^ n 7t -7^— ft (75|1j|2^ffi U-^yKO CO Je> 
<ommM& ^Wi^ ^ intifS 2 t7> p ^ ^ \>yi^ i^y^ 

h;&^fitllBS^2 0p5^-^>'j^^/u V\^-Ot 

^>'^;\^hy:yiPys^<DVu^>\z.miet^fXs ^(O^— 
hid^gtHBUi <Opf'i->'^/u hy^'i^y^^tD Ku-Y vie 

40 'y^^?vvyiy^J>y^<r>¥— V\z,W^'^i\^1t.%z<r>n^\ 

r m^<o^^mt^m^ bmu% 2 o p f^-^- h 7 

m?^m&^^y< yyy lus&ostristts**^ ^ ftjiam 4 o 

50 miBl^'</i-Sm^nfcStex--i^f&-§-*rBlf^<03gJ£S§Pfl 
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JCi^^S^ra^ra J: t) fi < K:e ^ tiT I ^ S c ^ f S 

lO 0 0 1 ] 

^^E^ff 5 CMO SCComplemantary M 

OS) ^i^^<-i^ t^(o^m^intz.P<:^'f-i$rif^(nM 

'^^m^wei%'7—y D y^y^ yf'y yf-m'&^'^'A 
f^yv y^yti yy9bi^:tmm.-r^M&m»^<yyr^ 

[0 0 0 2] 

[ O 0 0 31 SlElflSl 1*. V>^^>'^/l^MOS h^l^i^ 
y^^Ml t nf"'\'>'^/HVIO S h^>'i^;5^^M2^fl|jS 
^titLCMOS'^iyy< — ^^h^o MEE,^^^<yyrm 
^(07<f3i^^ (IN) pf^-\->';^;yuMOS h^>'i>;^ 

Mos h^^'^^i^^MaiTjy— ;?^j*S«6*ixTv^5o 

^.'UMOS h^>'^>>^^M2 0KU'-Y>'I^dbd^S^$ 
i^. z.(DKm'U\<omtii^\^^)^iyy^-'y^)y':fy^ 

(IN) It^it. i^^/uiyy^ — y])yy^y^y':^^2 

[0 0 0 4] — :7 y s/T'T^p ix:/^2{:ip 

S h7 V^>:^i5^M4 . pf'-t'V'^/^MOS h^^'i^:^^ 
M5. *5j:0«n^^>^>/UMOS h 7 ^5^M 6 J: 

0 ^c^®*^: y yyyuyyv y^m^x-h^o 
tniBSa^mEE V c c i ^ i^?4&<?:>@;a^@ffiv c c 2 p 
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/HMOS h 7>^i^>^^5^M6*5j:UfM4 K lx>r ^'{C-t 
ti^'tvSjgc$nri/^6o p5^-VV-:t;;UMO S h^^v^:^ 
3 ^ n ^'^>'^/^MO S h 7 >'v^;^^M4 CO^ KU' 
>'l;3:avMc:^fic$nTt^'5o p ^+ >'^/^MO S h 7 
Vi^^^i^'M 5 i: nf^'^-^'-t-zHVIO S h 7 i^i^;^ :J^M 6 <0 

EE^^y<yyr\Bl&f(Dmtii&^ (OUT) JcSsgg^ttr 
l^So n'^'Y>'^/\^MOS\>y>'i^y^^M4^XXfM6 

JO (75^y-;^fi^^^nrv^5o 

[0 0 0 5] JeJlT{-*5^^T. m 5 <DV^M<DmEES^»:^< y 

[0 006] ?<:f3i^^ ( I N) ;&4h I GHU-^/ucoi: 

p^^ V^/UMOS h7>'^>;^i^M10^— hf^O 
FF, n^-y :x;^^/UMOS h7:^:i^;^i$^M2 (7>y— hl^ 

Z,tl\zX^ (OUT) m.OW\y^jU (OV) 

[0 0 0 7] P^t^m^ ( I N) ;&^LOWU^/^Oi^ir, 
p^^V^/i^MO S h 7>':^;^t:5'Ml <30.y— hl^ON, 
n^'Y^'^/HvIO S h7>'i^;^i5'M2(73y— hIiOFF 
i:/j^t?> mjc:J:!?S<E«5i<?5ai:ftl:iHl GHU-^yufc 

M4*5ctU^M6l^^iX-=enON*3j:U50FF ^Jt^So 

or pf^-t :^^/nvio s by>i^y^^iA^(r>^-' h«iL 
OWi^^/v-^ONi:/^ t? . CtilciJ; i9fca^3iS^ (OU 

T) nui GUl^^JX- (VCC2) ^/j^So 
Ji? [0 0 0 8] (IN) 

fttL^—^^-^royu^/uvi., \^^;v\yy ^ — y ]) y^y 

[00 0 9] ( I N) tC*5l>TLOW36»bH I 

GH^7tfi:H I GH}6*b LOW---(7>'r— iJ'^Ykjb^^C:^ 

i^^/i^iyy^-'yi}y':fy^y:fM2\z:tdi^xy 

}) y^yu y'^W}i^if^f&Z.^ . mtim^ (OUT) JCliS 
I GH}&>bLOW*ytllLOWd»feH I GH^<D 

[00 10] L}&^L, \^^?v^yy ^ — y ^) yyy u y-/ 

«B2{C*5«tS pf^-^-^-^/UMOS h^VS^^^iJ^i: n^-Y- 
^-^r^/UMOS h7 v-u>;:^^o|gS5ttf62e'^^Ui^«-& (i- 

>^ y yyy^ yfmcoy D y':fyr:iy^mmt^Z 
Jc< <S^FflS:S-rs::i:i:*t). ©-^tc J: or}^7 y 

iy^ji-->y ^ — y V yyyxi y^%2<r>w^\z.^^^x 
50 /uMos vy^^i;^y^^(r>m^^^<r>mz'mM^\zri^^< 
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Seattt^J; 0 §t< /j^ 6 J: 5 ?fcKf^:^^lcIaW^c^Tt:>i^-Cl^ 
$o MOS h7>'t?;^^<olBl!if4|gn3:, AflcWIci^MO 

ctU^^- h:^{ctfe:i?:-rSo MOS h ^ V^^^:^ t^^— h 
5te 6 «i if, |g»tetgl;Jiffi<*^So nf^-y^-^^/u 
MOS h7>'i^;5^i5^i! p^-t>'^/^MOS y-yiyiy::^^ 

f^-ti^^i/^MOS \^y:yi>y^^<D:^t^v>^^>:^>/\^^o 

MOS h^>'i^>^i?'(^l2ffiltttg^n^'W^/UMOS h 
-^^^/l^MOS h nf^-^V^yl'MO S h^Vi^ 

m) (c^^^n-5o tJ&or, U'-</i-:i>'>^i5^ — :7 y iy:/:7 
o s/:/ffl2 Icjstj-Snf^-^^/^/^MO s h 7 

J: t?i«<R3e-r5fcat)Jci«:, pf^-^ v4=i/i-MO S h ^ v 
::^;j<.i$'^nf"-t>'^/^MOS y^yl/'i^ys^iD^^—hm 

[0 0 11] n^-^>'-*/l-MO S h^i^i^ 

<X^M4doJ:U^M6(7)SgSitttg^p^-^:/^yUMOS V 

/jiT>'^<7>'::^;&^*A$ixySi«'&. W*ia-^ (OUT) 
{r^stj-^H I GH3&»b LOW^(7>;^A— X-CiSaS/^T^- 
-fb (:7 y ix:/7n 5/:/tt,f^) (7:>pfl<?:>oN®«lE;5Mg:»t^ix 

So 

[0012] U3&>L. ilBO (n^-^-V^y^MO S h 7 

T>'-'<7>':^li, ^o;e^i:LX. A;^J«^ (in) 
/uix:7i5^-:7 y D 2/^^5 2 cotb;^iS^ (out) 

So -r/j^to-feHeiii^-rjipi-. ffi*ia^ (out) 

IZ/^oTL^Po ^/c. (out) ICioij-SL 

•&>b*C5 So 

[0013] 

iyy^ — y y iy7'a5 2 0pf^-Y>'^wuMOS h 

^ Vi;^>^^5^M3:fcJ:U«M5 nf^-tV^^^'^MOS V=7l^ 
v>>^:^M4*5j:O^M6 ircoW{c:ic@Wl^K^^tifcr> 
✓^^VJ^^oy^i^jlC, ^flE^l (IN) ICi^ol^ 

XH I GHd>^Low--toA;t?T''-^t^^fk:d^*c/t# 

tii;*«»^ (OUT) IC*5{j-S LOW36»feH I GH'^- 
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^o®^SMk:*^0 6 (c^ L/C J: 5 {cffiJt>r{Si* (c/i or 

*f'f:i;::<^fcb;^«^ (out) {c*5ft^LOW 
;&-bH I GH'^cO'7'-i$^^ft:i>5 *<er fe/^i/^ii'g^t 

[0 0 14] co«5^ri±|B8»SS:i»9ti-SfcJi>coi>co 

■i-<7>H I GHd^'b LOW---(7>S<k;*5j:U«LOW^>feH I 

ye? GH-^o25fk;<^l??*'ic>i* br, u-^yue^p^iJ' — 7 y s^:?^ 
js^^-^^ :7 T m £s ^ li^-r s ci i: ^ i 6^ ^ -r s o 

[0 0 15] 

<^ P^-r h ^ Vi^^^^J^ i: 2 ffiOnf^-y v-^yi^ h 7 

> ^ br fiff IB p 5^ ^ >^>'U h 7 > 5;^>^ i: m 

5i3li:/n y hmiS5,\^^J\^->y ^ — y V y-fyu y 

m\:^m<om»(Oby>i^y^i^ t^^V. mtd.\^-</i^iyy 
^—y y yyyti 2/:/a5<?5ig«ttti<^iStN*-(7? h^i^^i^ 

[0016] 2 u^(oms,m^^< yyr csjssi^ , 
^T^y^^y^^y^t^. ^'^v^?\^t/y^ — y^)y^yuy 

:&^mf2 p ^ ^-^^/u h ^ >'^:;^>^ (omm^^m xy)^<fj: 

h;6^^fa||2<On5^-t>^>y^ h "7 v?::^^ i^' CO Ku-f 

^<D Ku-r >'ir^K^^nyb®iop^^>'^>/u- h^^-i^^ 

so — h^d^StJlBUi Onf^Y>' 4*^/1^ h yi^i>y^^(r> Ki^-Yv 
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:ft:«)<o«jlS«flE*et*&$ix, ^oy- hd^gUIS^ 2 <^> p 
fSlP 2 <^ p f'-y V^^U h 7 ^'^^^^ iJ'iS J:tJ«glj|ESf 2 O n 

pf^-^v^^/i- h^>c;^;^<5^^, fj|5®ffiS«|/^ix7r Is] 
teogil5W*«8^ flftie® 4 <o p ^-^ ^'^'i/i' h 7 

10 0 17] fs^ig 3 fs«tomff ^^-^^ 5/ r mKi^, 

[0 0 18] |f5RJl4|E«(Omff3^»|/<S/7rlH]SSt^, 

i«*5l2l^tt<?>@ffiS«^^!x:7TIsII«^c^3l^r. ffiiiES 

[0019] 5 ismomiff ^^/-^ yyr ^m^. 
IS*iiil5^(7>mfiEiE«^<sy:7r [aIles^w*5l^r. Sijfsr 

IB n -^^ h ^ > coigiittffi J; 5t < S J: 
jBE u-^/i^co^^cofciiJi^JSa^SHSr^ifite^^nfcm 1 p 

^j^o Ku>r >ic«ifift$n, -toy- hzj^mfS5®2(7>p^ 

r lElKottl;t?«^^tcSS£$ixfc^l (T^nf^-^^^^^i- h 

tlj|Em2(7:)p^^>':^;/u Vyiyiy::^^<n> Ku-Y>Jc®j^ 
tcoy— hd^ffflB^i (^p f^'^v^^.y'U h^^^i^:^ 
^ o K u-xf :^{cSjgg$ ix/!:^ 2 co n ^'^-^t. h y i^iy 

ti, -froy— h}&^StJt2^2C0nf"'\'>'^^/u h ^Vv^:^^^^ 
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s 

:7 T IsIK ofiiilBUl:^3ia^ ^ miBt^ 2 o p 5" ^ >'4^yu h 
^ Vv>>^^*5i:t/fi^rlfim2^0n^-^>';^-»'^ h ^>v>;xi$^ 

0 FU'-r >'lc^gE$;n/cm4 0n5^-^>'^/u h 7>'v^:j^ 

W So 

[0020] fS*JS 6 tB«comffi^^m^< :7 r lill^t^, 

[0021] ft 2jtJi 7 tB«o®iKS«i^'^ 5/ >^ r iHll^li. 
[0022] 

[0 0 2 3] UlifeCOJ^^ 1,01 i^;*:^§g(7>sm(7)?i^^ 
ll^J:S«fiESE»x^sx:7TlilS&*^'r[elSS0T»*>-5c 0 
l<7>«iE2£«^<5':7TlHll^l^. 0 5Jc^UyS:i**(^®H 
««/<5':7TlsIiSi:l^«l-Seffl 1 h yy^fVi^y^^-y 

iijSigS)^3«rH»x.TV>-5e 3gJSigi!ifl5 3l:i. pf"-^>' 

li:R«OCMOS (p^^V^/UMOS h 7 v:^;^^ 
[0 0 2 41 Sfi»i rSpf'-y v^^nvios Vy^^^sPys 

^Ml ^ nf^^ri^^^/H/IO S h 7 >'^^::<t^'M 2(Cct * 

(IN) :d^p f^-^^-^^yUMO S h7 >'^^:^i5'M 

1 ^ n^ir >''^/l'MO S h ^ >'5^;'^i5^M 2 htC 
40 ^iBc^n. pf^-^ V^/l-MOS h ^>':J^:3^^Ml<7^y — 
;^IC{tmM®ffiVCC l;&^#t$&^tt. nf^-y V^^/UMO 
S h^>'i^;^c$^M2(7)y — x^li^gifi^nTi^-So P^-t 
>^;UMO S h7>'5^:^^Ml 4: nf^^V^^.'^MO S h 
^>'^^;^c?M2CQ#Ki^-i'>^;d^i:iMcSigc^?ix. ros 
^fPicofcti;^jliu^/u^>:7c$^ — :7 !; i>':/:7u -7^^2(7? 
nf'-t >'^>/^MO S h v>'^^;:^i^M4 C0>5^- htC^J&^t 

tuTi/^So «£E^«^'<5':7rlHli«cDA;t7«S^ (in) \% 
iy^/i-i^y^ — yV y':^y^y:fM2(Dn'^^y' 

so 
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[0 0 2 5] \^^/Ui^7^'-'7V^^yr3y^i^2\^p 

StIia«SI«iE V c c 1 V c c 2 p 

i5^M3 ^ nf^■t>'-t-/^MOS h ^ Vv^:^ 4 0# F 
>r >'l:J:S»^Mc1gj^$tlTV^-5o pf^Y^^-t^/HVIOS 
>'i>;^>$^M 5 ^: n^^r >';^;yuMO S h^>'-^-^^M60 

ff^^«^^<5/ >^riHll^(7>w*iS-=F (OUT) {cg^^^tvr 
10 0 2 6] rrT\ — y vy^/^T n 

jy:7':7a j^T'flS 20 p f^-\r>;^;/UMO S h v <^ 
V^^/UMO S-h 7 Vv^;^^M4*5j:tJ«M6i50Sg»tt|6;&^ 

ti^y— hStc^fe#-r-5o MOS h 7 Vc;^>^<$'co^— htl 

OS h^>'^^;^^i: p ^■\'>'^/i'MO s 

h 7 i^i^;^^ J: . fifeor, p v;?;/uM 

OS h7>'v>:^^<:o|gl6tttg4rn^-y >'^/HVlOS h7 

yt-MOS h nf^'Y^'^/^MO S h7>'i^>^ 

^5^<7>y- hiffidMaj^ 2 : 1 10i^mi:5w 
m) icK^^nSo iJ^oT, roHJSOJI^Sl {;i*5i/^r 
— 7 y ?/:7">^n $/:7^a32{:i*5tts pf" 
^'^-/UMO S h 7 V i: n Y ^-^i^HVEO S h 7 

hffiSrfirjitf 6 // mi: 5 /z m(c»^-r 
S^i^l-J:*?. nf^-y :/^^/UMO s h^>'i>;^^M4*5 
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[0 0 2 7 ] affiSEi6SR3JC*5l/^r. pf'-y >'^/HVlO 
S h ^>'v^;^i5^M760y->^{Cl^SfII2mM®ffiVCC 2 
pf^-^ V;^i;HVIOS h 7>v^:^^$^M7(Oy 
— hii p^^-r v;^/uMOS Vy^^i^y^^'iA'o(r>^—Vk. 
«Sc$4x. p^-^r^'^/i'MOS h7>'^;^;:^>?'M7t^> Kl^ 
-<>^ripf ir>'^/^MOS h7>':y^;5^i5'M8toy— 

S^^nri^So p^-YV-^^/nvio s f>7 v^;^>^^$^M8 

tH^J (•f-^Jp'fepf'Y^^/^MOS h7>5^;j^^M5 ^ 
/(7 nf^-^V^WUMOS h7V:5>?;:^i5'M6 0 Kl^-T 

^) h'^E.^^^<yyi'^'^<n^'h^^ (OUT) t\z. 
^^^nri^So mM':^^v^4\t. u^/ui^y^-y 
V y^yn s/:7^W2(Otli:^S:p^^>'^/^MO S h^>' 

^•rS7tde>lc, tii;^C-^ (OUT) p^-y ^^vuMO 

lo 0 2 8 1 £lT^::*3i^T. 0H7)mffSE»l^< 5^:7x111 
(t:) ®j ( c o V ^ r 0J f -5 . 

[0 0 2 91 A**^ ( I N) d^H I OW\y^JV<nh 
20 p5^^ V-t^/l-MOS h7>'-:;?>;^Ml<0-i;^— MiO 

FF. n^-r V'-^^'^MOS h^>'5^:J^^M2 <?>^— hf^ 
ON^/jM9. cttlc J: f?^^^ 1 (7>fcb;^{:J l OWU^/u 

i5'M4*5J:?/M6 tt^n-enoF F^3J:ti«ONi:?^jrf?, 

;inir J: «9 tiS;t7C^ (OUT) {^LOWl^-</U (OV) 
^J^^-So (IN) ;&^LOWlx^/K^<i:#. p5^ 

Y^-^/UMOS h'7>'i^;^i?^Ml O-/— hf^ON. nf^ 

■y v^>'HV!OS hyi^i>ys^mz<n¥— VM-Oyy hfi: 

30 $nSo ^itoT, Tx'^Yly^^JX^lAOSVyl^-V^y^^lAA 

*5J:aM6 li-eix^*noN*3j:u«OFF i:?tt-5o t*or 

pf^^>';^yUMO S hyl^i^:!^^yiB<0^— h I* L OW 

u^;\^x*ontf^^. :mK^^mtim^ (OUT) 

HIGHU^/W (VCC2) ^?i^6o Jll5COJ:p{C, A 

;t)igTF (IN) SA;t?f^-^5^f&#l*Ste«lJ-J: 
c 2tct*ors»l$n'5c 

[00 301 (IN) tC*5lf >r L O W5&> H I 

S h7>'v^:^c5^M2;d^ON{rS^t?"?. CtLfC: ^ n 
>;^^/UMOS h V>'i^;^i^M4 t^y— hd^O F F i:/^ 
6o I^^J-. n^-v^'^yuMOS Vyiyi>y^^M%t^O 
N^/^t). cnicj; t? tii:^}iS^ (OUT) :d^LOW^?it 
5o l^^l-> pf"-^ >';^/UMO S h7>'v^;^i5^M3 36^0 
Ni:/^t?, 19 EI 1 tt«oy — fa:6^h I GH 

yu^*5o rtiicj: 19 pf'^r>';^^;i-MOS h 
M5:^J:*t/M7:d^*{COFFi:?i5o ^O^. tl3:^3«^ 
(OUT) (OLOWU^yUj&^agJ^yp 4 Sr^LTC 
5(7 it^n. p'^^^^^J\^yiOS \>yl^iyy.^MBt^Ont 
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:7r^^<r>m^tmm\zLX. (IN) lc*3i^ 

(OUT) I GH5&>b LOW-^(7?7^— iJ^SHb 

10 0 3 1 ] 7<:f3i^^ ( I N) {CjSl^TH I GHd^feL 

p f^-^ :^^^/UMO S h -7 V^^^^t^M 5 , M7:|o 

j:OM8o^>a'$ixyS:ggSitt|g{Cct:l?, tll;f7«^ (ou 

^<7y^. m:bi^^ (OUT) OH I GHW^/L-i^SJgy^ 
a iv:?' 4^^hLrfiM^ix. p ^ V^./UMO S h ^ 

(IN) JC*5ttSH I GH*>bLOW'^<?>'r— iJ^SfbJC 
<*5ai*iS^ (OUT) l;!:*5{j'^ L0W>6>P5H I GH'^ 

IfilKo4i^i:tt;»Lr, 0 3 (c^-T J: 5 < flSiSft: 

[0 0 3 2 1 :L<Dmm.(Dmmi\cxH 

*5cl;t/M6 <7>|^»ttffi:&«p^-W^-/l-MO S 

lHlIE&{C:*3l>r. mM^x2yir4t. LOW}&>feHIGH 

- ^ ^{fc ^ 4tt^3-r S i6 o p ^ >'-t> 

iS®l^tij^3«rRtf5ci:Jcj: t), £±j;t?«ffl^ (OUT) 

(C*5(tSLOW*=^ibH I GH-^O-^— i$^S^b:i^««>TiS 

]lt/^t>o^?te »?, r:ix{cj:t). A;^7'7^'-^5^ff #<7>h i G 
H;6^feLOW, :J3J;tI«LOW;6^bH I GH0M*'07^— 

lo o 3 3] ^Mso^^z. m4\t^^m<Dmm(Dmm 

MOS h^>'^^;^^Ml 7*5J:U^M1 8. :i3j:tP5iJ£y 
10 0 3 4 1 WM% \ li. limo^^KTDtjtoirl^^co 
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yyy^y^^2' (n^f^^^^-^fvyiOSVyi^iy::^^ 
Ml 3(D'^- h{cet^&^i^Tl^-5o mflE^^^/<5/>^r (U 
K<^AA«^ (IN) ix^yui^^iJ^-^y ix:/ 

7niyy^«|5 2' <7> p V^/UMO S h 7 >'i^:^ iJ^M 1 

[0 0 3 5] U^/1'V'7^$^ — 7 y j/'T'^^u 5/:/fi5 2 * 1^ 
p^^^'^/l^MOS h 7>'e^;^i5^Ml 3. n^-tV^/^ 
7(7 MOS h^^-^^J^^Ml 4. p -W^/UMO S h 7 V 
^^>^^M1 5. ilSjztj^n^-Y^^WUVIOS 
Ml etc J: 'Ofii^^m.^y — y U v^y^ y^y y^^ 
K-CfcSc R<E^lo«aRSjEvcci ^t:J34ii:co®JS 
«;ffiVCC 2fi^p5^-t V^^^yl^MO S h^^v^J^^Ml 3 

*5j:t/Mi 5(0^y— jj^jr^^g^nrv^So ropf^^ 
v^yuMOS h v>':i^:=^^^^Mi 3*5^aMi 5 60*y— 
h I* JbtB J: 5 (cS feW 1 CO tb * J: A ;^ tu^* 
tt#<^*&^ixrv>So p^-^i^^/i-MOS h^>i;^:J^i5'M 
1 3 nf^Y >'^>'^MO S h 7 ^^iyy^^mx 4 (D^ K U' 
J^O VttSVNlcSSJK^ixTl^So pf^'Y>'^>'l'MOS h7 
>'5^;^^J^M1 5 ^n^-^V-^yl^MOS h^l^i^y^^Ml 

l:i«ffi^^«^^^s/:7rlH]^cofcli;t?«TF (out) {c®^^ 

tuTI/^So n^-rV-^/I'MOS h 7>'^>:5^^M1 4*5J: 
U^Ml 6 O^y— hi*. p^-^V^yUMOS h^V^/:?^ 

nf^-r >'^/L.MO S h 7 ^'^^^^iJ^M 1 4:i3,tO^ 
Ml 6<7>«-y— ;:^|*«^$ttTV^So 

[0 0 3 6 ] /.e^s, ro^^fe(75?gisi2r-t>lliSt^?g^i 
s by:^iPy^^<D!§imi±mKT>'y<yi^y^tmA^tiX 

MOS ^^ly'i^y^^Ml 3*5cfct/Ml 5 (7>|2»)|4tg;d? n 

^^>j^;/uMOS hy^'i^y^^Mi 4*5j:u^Mi eofg 

OS h 7>'i:>;5^^5^coy— hitl**?!)x.l^ l O fimt S um 

[0 0 3 7 ] 5i5il2S}^3' {c:i3l^T. n^^>^>/l^M 
OS h7Vv>;^^Mi 7 (D:/—y.\t^m^ti. n^-\-v 

^yUMOS h^>'^^;^i5^Ml 7<DV— hJ* nf^-t 
MOS h^^'^i^^^^Ml 6<7>-$^— h^«fic^FiX. n^-t 
V'^^/UMO S hy>i>y^^Ml 7 (OY^U^ >{:Jn^^ V 

;^^/uMOS h^V'v^XiJ'Mi 8 (D y—y^ t^f^;^tix\f^ 

<5« n^-y^^-^yl^MOS h^>'v^:^iJ^Ml 8. (DFU-fV 

I*. U'<;u^^7^ — 7 y iy:/:7n $/:/a5 2 * <om:h ("f 

/c^t)"^) p^-^>'^/i-MO S h^>'i^:^i$^Ml 5^nf^-y 
v^^yUMO S h7>':^;^i5^Mi 6 Ku-^ ^-Ffl^g^) 
5^ mSESm^-^iy^r IHI|gS<oti:J;^?ig^ (out) t\z^f^^ 
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't^t^^\Z.^ (OUT) ^ nf^^>'4^;L'MOS 

Vy^yi:>y^^iA\ soy- h^:^?5K^ciae$i^Tl^So 
[0 0 3 8] Jl^T^c:fe^.^r, m^<n>n&W8k^<yyr'^ 

[0 0 3 9] Xt^^"^ (I N) I GHU-^/UCOi: 

FF. n^-YV^/UMOS h7>'^>>^i5'M2<7>>>'— hii 
ON<b?t^»9, rixfcij: l^ste^i otli:*!^ LOWi^^/i- 

^Ml 3*5J:tl«Ml 6Ji. ^iX-enON^OF F 
(OUT) I^LOWU-^yU (OV) ^JfcSc 

[0 0 4 0] ( I N) d^LOWu-^yuoir^. 

p^-y >';^;/PMO S h 7 iJ^ M 1 60^— hJ^iON, 

n^-^>'-:^^/i-MO s Vy^^iJ>ys^yiz<r>^^ hiiOFF 

Ml 3*5J:U«M1 5li^tL^*ixOFF*5j:O^ON^?^^ 
19. rtltC J; 19 (OUT) I^H I GHU'-</l- 

(VCC2) i!*6o ±lBoj:5tc, (IN) 

[0 04 1 ] A;^«^ ( I N) (c:^l/^TH I GHd>b L 
OW^(7>-r — p^-t^-^/HVIO 
S h^V'i^^jj^i^Mii^ONlc^^O, c*vJcJ:f}p^^ 
i^-^/UMO S Vi^^^^Ml 3 h:650FF(CiE 
:bSo I^P^lCp^-y >;^/UMOS h ^ ^S^;:^ ^^M 1 5:5^ 
ON{C^*5l9. ;miC,fc (OUT) i)iH I G 

KA>&^LOWU--i^ui: /^S, cnJcJ: f9 n^^:/-^/Hv! 
OS h^V^i^x^^Ml 6*3j:t/Ml 7:&^#t(COFF 
/So mti^^ (OUT) OH I GHU^/^35i® 

ix:?^ 4 ^rr^Ure^^ix. nf"-^>'^/i-MO S h 

(IN) idjoij-^H I GH:6*bLOW--^<7)v^— jj'^^b 
ffi^iS-^ (OUT) JC*5«:f-5LOWd>bH I G 

[0 04 2] ( I N) IC*3l/^rLOW*>bH I 

GH'^(7>T'--i^S<b;}d5^wo:t#-g', n5^-t ^^-t-^'uvao 
S h7Vi;?;:^i$'M2:&5 0NtcSEtoi9. p^^r v^-ynvio 
S h7>'v^:^^5^Ml*5J:U«Ml 5^>OFF{;i^t:)'5o 
or, nf^-Y^'^^/'UVIOS h^>:i:>-:5^^M2 3a^pf^-^:/ 
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nf'-y^'^/UMOS h7>'i^;^i^Ml 6:teJ:U?Ml 7:6^ 

h ^>'^:^;^^5^M1 6, Ml 7:^3 J:U^M1 8f>^i--<T|^P# 
fCON^?5tSo ::<7>B#, nf"ir:/-t>i'^MO S h^>v^>^ 
^5^M16. Ml 7:^J;VM1 8<D/e'&^En/S:ggl&f4fgtc 
ctt), ai;t?«^ (OUT) ^«ii)ri«*tcLowix^/u 

lC§|#Tff bnSc -^COft, fctJ;^3iffi^ (OUT) COLO 

^-iviAOS Vyi^iyy^^mxBi^OTT hfi:^^ ±fBto 
i<? J:5JC. Xtiillk^ (IN) Jc::fc«t«LOWd*bH I GH 

--(D'7^->$^^{t:{C#5t±i;*7«^ (OUT) IC*5it5HI 

[0 0 4 3 ] ±32^60 J: 5 ic. :ico3^]6fe(7:)5^^ 2 J;n 
l:f . iS«s^ 1 , pf^-\r >'^/^MO S h ^>'v^;^^J^Ml 
3:i3j;TJ«Ml SOfgKittfiid^n^^^V^yUMOS h ^ 
s>^^Mi 4^i5j:U«Mi 6(75igi6f^m: i9ilS< /^SJ: 5 

jRx<s,:7r ifilsS{c*5iNr, jSmyn5.^4^, high 

b L ow--vt7:)ffl:^?'r---i5'^>fb^ffiii3-r s J^>o n ^-t 

>'4^/^:/y^i^^r> VMO S h7^^i^;?^iJ^Ml 7*5J;U«M1 

ti^^ (OUT) \z:}3{ihH I GHib>hl.OW-^(0'r— 
— ^fa-^OH I GH/6^bLOW. *5j:t/LOW;*^bH I 

GH<Dm:^<r>f—^^W^nvx<o^ \y^ju->y^ — y 

[0 04 4] 

A:*iS^(-*3(^S'r-i5^f&#OH I GH35»feLOW 

^O'T*— ^a<t:*5j:t;fLOW;&>feH i gh^<^>5^— ^J^S 
[0 04 5] >5ci3. ;ico»gg«r4*3e<5ofiry:^e<j?t*IIJfeo 

«Sffl{cJ:oT<Di^fi&3£$:ixSt><7:>-eA>'5o ro^l^Ojg 
[01] *«W<^^«ico?glii(c:J:smffiS«l^'^s^7r 

[0 2] S lom;E^m^<iy7r lslSSl3<?53gjgjigg/,«i5co 
5i? «fiS:«r;^-riHlKg|r-^-5o 
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[0 3] mi(0Mm^^y<yy7m^<07^tftmt)i:^ 

[041 :^mm<om^(7:>mm2\zx^m&m»^<t^yT 

[gel H 5coti^*6omEE^^/<5/:7rIs]KoA:*j<?ia 

[if?#0|ft9^] 
1 JRftflJ 
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3, 3' mmmm^ 

Ml, M3, M5, M7, M8, M13, M15 
M2, M4. M6, M14, M16, M17. Ml8 

( I N) Attm^ 

(OUT) 



[@i] 




o<OUT) 



[02] 



[03] 



VCC2 




O(OUT) 




104] 



<IN)o 




GND 



GND GND 



o<OUT) 
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oCOUT) 



GND 



[!i6] 



VCC2 
VCC1 
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VOLnCE CONVERTING BUFFER CIRClilT 

2 Claiflis 
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f cf 
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the level sbi iter f 
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a second Q-diaotel trans is I Df, tahcie g^te ii supp^ic: ^iir tU 
data signaU and irljcse scoice is grounded: 

a firsi p-chaooe! tiaosisicr, ffhcsc scErcc is Jtpfjiifii wi: h s p 
owff scarcf Tcltage fer shifting the voltage ieve! of the inverted data 
signal, » b c £ e gate is c c c d e c I e d w j ! h i h c d i a : n cl the second r - c h 8 c r e ! i 
r a n s i « t c r and an c c t p a t node c f the v c ) I a g e c c n v e r : i o g b i f f c : c i r c 6 : t . a 
nd vlicsc drain is ccoijecied with tlic draio cf the first n channel trans! 
stor ; and 

a seccod p-channc! transit I ur, vjhcse sttrce is supplied with :h 
e pcver scarce rcltaRe fer s.hiftiof the vuitage lerc! of the inverted da 
ta signai. whose gate if ccnnected with the disic cf the first o-cbaotcl 
transistor, and vhcsc drain is cGsnccted vitb the drain cf the second d 
-cbaonel transistor , 

and the delayed driving s e c t i c n i n c h d c s : 

a third pchannel transisccr, vhcse source is supplied with the 
power scorce voltage fci shifting the vcltage level cf tbe inverted dai 
a signal, and vhose gate is ccnnected viib the gate of ihe seccno p char 
eel tiaos istox; 

a fourth p-chancel transiEtor. vhcse scarce is connected with t 
be drain cf tbe third p-channel transistcr, and vhose draio is connecter 
t c I b e output node c f the v r 1 1 a ^ e c c= c v c ; ; i n g buffer c i r c i *. an: the d r a 
ins cf the second p-cbanne! transistor and the seccoc c-cha&r. e* transit: 
G r ; and 

a delay bled wbicb is ccnReriei! between tbe cuipLi rode of :bc 
voltage ccnveriiog buffer circuit and tfee gate of the (nsrlh p-claoiie! 
transistor, f c r l r a n s c i 1 1 1 n g the 1 e y e - shifted i n v e r t e c d 9 1 a s i g i: a ! to t 
be gate of the fourth p-channel transisto: vitb a predetermiccc deia? tl 
ne . 
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3 . .\ V c i t a p e c c r. y e : t i n g b u f 1 e r c i : cii i i ii $ 
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p sec: 
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wherein the i&verter setticn is conpcsed cf a CMOS. 
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a fcnrtk n-chanpf! t : a n 5 : ti : c : . vhcsc ^otrce ccrr ^:-e: r::r. : 
be d r a i D c f 1 1 c third n - ( ^? a n n e I t r a o s i s i c r , a c q v h c ? e d : ? i r. If c r p c e c i e r! 
10 the culpci Bccc cf tfce rcliafe ccavcrtifig biffcr circuit and :he 0^3 
ios of the seccod p-ctante." trannslcr acd the scucml u-thannt": i/ac?-5t 
cr : a Qd 

a delay bicck ykich i? ccntetled bci»ccii tfcc cuipu: ncde cl :fcc 
vcltigc ccuTtrtiog buffrr circoit acd the gaic cf :he fei-rih n-cUocei 
irassistcr. fcr t rassmi t f i the leTel shifted icvciUJ oala signal to t 
be gal€ cf the fcurth flcbai»nel Iransistc: ^itb a pf cdi: 1 1 rm : r. e d c e ! a y ti 
me . 

6 . A V c 1 1 a g e c c n v m ■ i n g b d M c r c i i cu i t as c 1 3 : ifi c d : d cl a i ni 5 . 
where i a the dclav time il set Icoge? tfcan 3 time Tfhicb is necdcu it: the 
veakei flip-flop acticn cf the levtl jhilter f;:p~ficp secliCD. 

7. A voltage ccnverting bafle: circuit a$ claimed in claim 5, 
wheretB the iorerier sectica \i ccn-pc5.eD cf a CMOS. 
3 Detailed Desciipticc cf loTeo:icc- 

B.ACKGROlJNB of TilE nVENTION 
The pieseot ioventico geoeralij :elat6S tc a vciuge ccnverticg 
boffei circiit comprised cf a CMOS ioferter fnr invertlDg iopiil data s: 
goal and a c 0 r r e 0 1 as i r ; c r f I i p - f I c p latch c i j c d i : f c : s h i f I i c g -.he v c ! i a 
ge level cf the iovertcd icptt data jigna.'. and in paf.icfl'ar. :g a u= i t 
age coDvertiBg buffer circuh Thicb realiics high bpccc /!ip-flcp cc tier, 
cf the c air to I mirrcr l;ip-Ilcp latch circoit vith rcipect i bcih HIGH 
to LOW data tracsilica and LOW tc HIGH data tranriiicn cf :hc inpii dai 
a signal. 



1 
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D e £ c f i p : i c n c f 1 1 1 P : i c : An 

F:|i.B is a ciicuit dia^an^ <hcwicg a geocrallj su: c ». r. . v : ; t; f:s 
1 voltage ccnvcrting bufftr circcii. The ccnverticnal ciicuii tcn:::::?? 
ac ifiTer;er stciicr. I and a level sliiftei flip licp uc:ici 2. 

The iflver-er iec;:cD I a CMOS inverter whirh fci;>:s;j c? a ? 
-chanDel JfiOS tranii5.:Gr Ml aod an n-cbanct! MOS transifrci YA • The 
t node (l.N) cf the voltage conecning biffe: circti: is ccrrectca :o int 
gates cf the p-chanrel M05 Iracsisior YA acd the n-chzcnei .YDS tssriis; 
or M2, and tbe sctrce cl ihe p-chinficl MOS tJacsistcr Ml is scppiicd wi: 
h a pCTCT SDircc rcliagc VCCl. anil tlic <oiice dI the n-chanrel KOS i.'ans 
islof is grconded. The draiii^ of the p-cUfintl M05 irarsisrcr Ml ard 

the D'cbannel iMOS trannslor M2 aie cctrcctec tcgetU'. and :he ciilpi;: 
cf the inverter section I is supplied tc the ga U cf an cchanrei >105 t: 
ansisicr M4 cf tbe level shifici fiip-Ccp scctioc 2. The iapui node 'I 
N) of llic Tcltage ccnvcrting buffer ci:coii is aisc ccnnectec tc an c-cb 
anael MOS transistcr M6 cl the levc: 5hif-.e: fiip-flcp sc€:icn 2. 

Tbe level shifter fiip-ficp scclicn 2 is a ciirreni mirrc: f.ip- 
flop latcb circuit wbicb ccnsisrs cf a p-cbarcel M05 trarfistf:' M3. tbe 
D-cbanocl MOS transistor \H . a p-cbancci MOS tracsistc- M5. and the n-ch 
aoael MOS traosistcr M6. A pcve: suurcc vcirage VCC2 vhich is icdepcDcc 
Dl cf tie pcffer sccrce vf.ltage VCCl is scpp-ie^ tc the scurres c: rbc p- 
chaDoel MOS transip.crs ant! M5 . an;! iht ga:es of them are ccDr.ccicc 
i t b the drains c f 'l b c n c h a n n c ! MOS t : a t: ; i 5 i c r $ «G and M-l r o f : i v e : - 
The drains of the p-chaceel MOS irani;s:cr at: the r charnr^ MOS i:a 
Dsistcr M4 are ccooecied tcgether. The drains of Ibc p-chascd MOS :rat 
sister M5 and the c-chaocel MOS rraiisistc: M6 are sitnilarir cccnecten tc 
f ether and they arc ccnnected tc the oDtput ncse (OUT) cf tlic vcMafc cr 
Dverting bclfci tlrciit- Tbe scercef cf the n-chr.nc: MOS trars-sts?? M 
4 and M6 are gi cscded. 



I 
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Id the f n i • c : n . the c p c r a t i c n a \ t li c c g n u- o : : c t a ' v ; : 5 r c '.^ 
vcriiDf buffe: circtit cf Fifi.S ^\\\ be iescritcc. 

When the iopc: ncde (IN) is a: a HIGH level, ifee gate cf :rc n 
chaoBcl MOS irarsisU: Ml is OFF and ifec «ale cf the ri-cfcanie: JiOS ira:^ 
ijtcr M2 is ON, ibereby tbe ccipct cf the icveitc: scr',;c2 1 if ktf. at 
a low level. This, the c chanrie! MOS iraniiisicrs Ml aac M6 are OFF at: 
OS respectively, and a ccc rd i ng I y ih« cutpat ncdc (011) is a*, a LO^V ieycl 
(OV). 

When tlie iopit node (IN) al a LOW I eve:, the gblc cf the p-c 
baonel MOS transistc: MI 11 ON acri thf pate of th« c-cfcaDBc! MOS tranfis 
tcr M2 is OFF. the re by tbe cot put cf tbe inverter sccticn 1 is kcpl a I a 

HIGH level. Thus, the n-chactei MOS transiJtcrs M4 acd )tl6 arc ON and 0 
FF respectively. Accord i og ly , the gate cf the p-chanre: MOS transisrcr 
M5 is at a LOW !e?el ace ON, and lhu$ the output code (OUT) is at a HIGH 

level (VCC2}, 

As shcwD above, tbe ifipci data signal at the inpal Bcde [IN) is 
inveited by tbe {nvcne: setticr 1 anc the level cf the sipal ? 
ed acccrdiBg to the pcwcr scerce Fcilafic VCC2 bv :hc ievei shificr flip- 
flop sectioD 2. 

WhcD daia lrao<iiiG» oi LOW tc HIGH cr HIGH tc LOW cccurs a: ih 
e input ocde UN), flip-flcp aciic: ccct:? in the :c?e: f::p-i::: 
p jection 2 aod HIGH tc LOW p: LOW :c HIGH data tranniiuc occurs a: th^ 

oitpot oode (OUT) , respeci ivelT . 

Hcwetcr. if driviog ability cf the p-channei MOS : r a ns i s *. c : anc 

the o-cbanDel MOS transisici ic the ^evel shifjer flip-ficp secii';r 2 : 
s the same (i.e. balanced), the lilp-llcp actioc cl the level ihiftc: fi 
i p - 1 1 0 p section 2 i £ net easy- i c occur 3 q d the f ! i p - f i c p a c : i r r. t c ti c i : c 

take a long" time, cr there may be cases where t h'c fiip-f'.cp ariicf: dies 

net occur. Therefore, in the design cf the leve! sbif:er Tip-flcp scf 



(17) 



^m^l 1-239051 



ticc 2, oiibaljsfe : d : £ e t i CG a i 1 y intrcducei into the G::v:r> it.!:^; g 
{ th« rchaonel traoristgr asd ihe r-channd \iOS :r3!:5:::c: in :fic ; 
evel skilte: flip-fic? sttticc 2. In : h e case of Fifi.ii. ih< crivjng at; 
lily ol llse rchannel XflS i:aris;$tc:s is deiib€:ate:y cpiigtcc: :c be s ; r 
ofigei than ihe driving ability cf tbc p-cbaanc! WS rrarristor- :r ;b£ i 
cTcl sliiftc: flip-fUp section 2. Ceocretely :he diivinir atiiii) tf a V! 
OS transistcT is related ii? tbc aincan: scurcc drain anti: Gf tU- MO 
S t r a D s i s I c r , and the d r i n b ^ a b i ! i : y tl e p e e d s c n t h f g a t r » : d t h a r. i r h c 
gale length cf the ifOS iranjistu:. The diiring ability gei^ strcfiijt: cl 
the gale Fidth gets wider. Ge ce i a 1 I y . Ibe driving abiiiry cf r-chirne! 
MOS iraDsistcfS is strcngcr than thai of p-chacncl MOS tiarsistrr?. v^feen 
tbc gale nidtls cf the M05 nafibislcrs arc Ihe sarac: and thus if. crcei 
tu sci the drifini ability cl the p-cfeacnci MOS sraRsistcrs ecta; tc tha 
t cf the o-cbaRnel \i05 iransistcrs, the gale tridths cf the p-chasre! MOS 
tiaosislors aod the n-chaniie: MOS :rao5:5:cr$ are set apprr^ximaie h 2:1 
(Icr eianple, 10 /am and S/ura}. Therefore, in crder tc set :he crificg 
abilitf cl the D-chaEoel Ml trafi*irLt;:s sirccgcr ibar that, c f the p-cb 
aoficl MOS iransislcr!, the gate iridths uf the p-chaDDe! VOS r.rauistc:s 
aod the o-chanDei MOS t r a n s i f t n ? s are sc;, fcr exaiuple. (5/zin ani bA^n*: le 
s p c c i i V e ) y . 

Wiieo the i-obaiancc inwccuccd inic ibc driver.? a b : : • y cj MO 
S transistors sc tbat tU driving ability cf the n-chance: ^•0S rrarf:?;v 
rs M4 and M vi!! be strcnge: thac that cl Die p-ctaore ! ViOb ::ans:stG:i 
M3 and M5. sniocih and high speed HIGH U LOW data : r a cs : •: : c r. at the cui 
put ncde (OUT) is made possible, atd ON {urrcii: curiog :ho HliVH \M' s 
ata traDsiliiic vliip-flcp actico) is. rcdaccc. 

Hcwevcr. Uc above cabalaEce (n-chafioel MOS I f a o s ^ S r ? sitcnj!? 
I lhafl p-channei MOS t r a o s i s t c r s) resalt? it a very sIct cjta t r z r s : : • cr. 
a: the coiptii cede 'OUT; cl the ievei sfe:l:er flip-ficp scciici: 2 
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respect tc HIGH :c 10^ tl a U iiaDntica al tte ifipci ncoe ;in; U :U 
eTier JcciicD 1 (i.e. very 10^' :c HIGH data traaiii^cr; z\ :hc ?::;p-- 

t ocde (OUT)) as shc^a in Fig. 6, acc kfeerc roar be cases ^hcre :U LO^V 
HIGH data iraositicD ai the ouipr. node (OilT) dees ret serf csi : : > ccc 
I r . 

Prcblcits tn be xctclved 

As described abc*c, due tc the irboili unbalasre fcci^ccr; '.he cp 
per p channel MOS transi^iurs .M2 and M£ acc the lexer t-chatsc: MOS ::3r. 
[istCTJ and M6 c( the Icvc! sMfter Cip-flop scctitr 2. vrkec at ifipu 
t da ta traos it icn cf HIGH tc LOW occur 5 ai the i npui ncde (IN) cf the in 
vCiMer sect i CD 1. the ccnseqoect sigoai rise lime cf the LOU" tc HIGH da: 
a traositico a: ibc (icipul DCde (OUT) bcccires extreir.eiy slc^" and ON cu:r 
eoi during the LOW tc HIGH data iiaEsiiico (fiip-licp acticc) bcccir:f? .i 
rge as shewn in Fig. 6. sod tfacic ma? be cases Fhere the LOW tc HIGH data 
traositioo at the re t put DCde (OUT) dues net su c c c s $ I n ! i y cccn;. 

It is Iherclcrc the piicary cbjec? cf the prefer: inveniico tc 
provide a voltage ccavertiog bslfc: circuit by whicl: ihc icsiirani prcbl 
ems cf the c cd ve n I i c na i cEbalanced voltage csnverticg buffer cirriiii i{ 
resclved aod high speed flip-flcp actict cf the level shifter liip-f;C.p 
sectico 2 with icspect tc bcth HIGH t ci LOW data transit'cn iti LOV tc HI 
GH data tiaonticri r1 the input data sigta! is ;eajiie:. 
Measorcs ic resc Ire the prcbi cm 

Id accordance with : b e p r c J c d t i n v cc : i c n . : t e r e is pr c ^ i fj r c a t 
cUage coBVcrting bnfier circoil ccmpiisiog an inserter sec-icn. a 'f-ei 
shifter flip-flcp Sectici). zit t delayed dnvicg scc:!Ct. Thp irve::?: 
section i d v e / 1 s data s i g d a ' s . The level s h i f • c i ! 1; p - ( . c ? s e c i i q r : 5 { 
ompcsed cf a current rcirrcr fiip-flop latfJ circuit incioding t^n I'-cUc 
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0(1 tracnsicrs acd t^c r-cfeannei iraneistcrs. The ev*" s':!:-:- ' r 
1 c p section r e r e I v e 5 the d a i a s i K n a i a c d the i d v e : : i c data 5 " P r 3 5. ■ r: i ! i 
a D e c B 1 1 y , shifts ; h e r c ! t a g e level c f the i c v e 1 1 e a 5 a t a < : cf 1 5 ! . e r : 
Its the levci shilted irrcrted data signal. ic the lete! ssifr^- f : : f - : 
Icp seciiGri: unbalance i*^ ictrccjcec into driTitg ability of :tc p- {h atr 
el t r a n s i 5. 1 c r s and the r - c h a n t e I t r a d j ! s t c f s in the S a rr. c * a • s 5 i ^ : f. *• 
e n t i c E a ! v c 1 1 3 g e c c n v c r i. ; n ? bt \ it: c i t c u i t . The d c ! a v f c d ' i i n £ s c c i ' : n 

i n c 1 D d e 5 a ^ e I a y b I c c k and t r a c s i s t c t s c f the same 1 r p e « s ire i r a : s : $ i 
CTB in the level shifter f.ip ficp secticn whose criving ab:;:2v i: it: 
veakcT. The delated driving secticn ass is is drivlDj aliiiiLT tf :hE ^eaf: 
e r t r a D s i 5 1 c r s in I h e level shifter f I i p - f : c p s e cl i 0 n and a s s i s I J « a 1: e r 

flip-flcp actiDH cf the level shiltci J'.ip-flcf seciicn whicli has been 
made weaker doe tc the ecbalasce. 

Id accordance v i t h cue a s p e c ; c f the present i e v c « i i c r . : h e 5 r. b 
alance is introduced sc that the drjricg sbiiitr cf tU n-cbaficel tracci 
stcrs will be strcnger Ihaa the driving ability cf the p-chanici tracsis 
tors ifi the level shifter fiip-flop secicn. Id Stch n p5cfe.':ec eraboc: 
mcBt. the ie^el shifter flip-flcp section in t! uses a lirs: r*- channel tra 
D s i 5 ; 0 r , a second n - c b a e d e : I r a s s •: s : c : . a first p - c h a n n c ! • : a fi 5 : : 1 0 r 
d a seccnd p chanoel' trans istcr. which are ccDceccej: as fclic^fs. The ga 
t e cl the first n - c h a n c c i t r a c s i s U r is s ti p p : i e c vl:). ! [1 e i f. v c r : c c d 6 : c 
s i g D a 1 , with its source g r c u r. d e d . The gale c f the s c c c n d n - c h a : n c 1 * rzi 
sister is SDpp'.icd with the data signal. ^i'A !:s scarce frctiictc. Th« 
scurce cf the first p-channe! i:ansls*.c: is supplied wi:h a pcare: so;:ce 

T c 1 1 a g c for s h i f ! i D g I li e v c : i a g c c * c i c f lie i r * c i : c d data s ' gn a ' . w : 1 
b its gate c 0 n & c c : c d » i : I: i h c drain c f ; b c s e c u c d n - c b a c n e ' : ; a r: s : s : v : a 
ad ID output ocdc of the vuitage cccveriirg buflci circeii. zn: v. i : h : : j 

drain ccnnecied v;:b the draio of -.he fiis: n-channe! '.raniirir:. Tr.^ 
SGUfcc of the sec end p-cbance! trans is:cr i j scpp-icd :hc pr^e: ic e 
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r (t voltage f c ; 5 li : f : i fi g the v c i ; a g c level ? f the : r v f : ; : ? r ^ : . 

witb its gate ccnnefces i^it^ tU diaic cf tu- first n-chcnrc: :'2's s:r.r 
, aod with it? dfaii! ccnncctcc >^ith the craio cf th^ icccrc n c^^,^.^..-: tr 
ansistcr. The dflayed driviiig secticc indices a third f-chimc! 
slci, a fcurth p-channcl transisiui. ace a ielay biccl. vhicl) src ccrrcr 
t«d as fcilcTS. Th« source cf rU thi!d p-(lianr.«; iraosisicr is srpp'ir 
d ffith the pcwe: scare? vcllagt (c! stifliof llie voltaee Hvei cl rhc i r. 
v<rtcd data signal ffi:h its pie ccnucctcd with ib« gate cf tre sccctc 
p-ckanoci TtansiMcr. The scurce cI tlic lo^rih p-chaEM: irassistc: is 
concected with the crain cf the I h i I d p-chaenel transislc;. vi:h its d-s 
1 li c c n c e c I e d t c the c u I p u t n c d c t\ i h t v c 1 1 1 g c converting b t f f e r c : r c c : t 

and the drains d I the s e c c n d p - c h a d e e I t r a o S i s : c: art the < e c o n ^ n - c h a n 
Dtl iiaosistcr. The dtlay b-cck is cDcnccted between the : p u : Dcce cf 

the vcltagc coDvcrtinf baflcr circait anc the gaic cf ;ke fcerth p-ctan 
Del trans i St CT, fc: transmitting the I eve! shlltcd inverted data signal 
to the gate of the fourth p-chincel iransisp;: >iih a pre ce lertnioed deia 
Y time. 

Preferably, tbe delay time is set iciigcr thao a linie whirb is r 
ceded for tbe veaker flip-fUp acticn cf Iht levc: shiilcr flip-ficp sec 
t ico . 

Preferably, tie inverter see- ico is ccrcpcscd s' a CMOS. 
In a c c c r d a n c e v? i i h a n c t h e ' aspect « f : h c p ? c s e c i i r, v e a t i c n . h c 
5 0 b a ! a D c e is i c l r g d d c e d s g that i h e d r : v : n f a b i i i t f c f i h i- p - c h a £ n < i t r 
ansisicrs «i!l be stroflecr tdaF the irivlDg ability «f the t-cr. anoe' tra 
D s i S t 0 r s i 0 the i e v e ! s h i f : e ? f • : p f 1 c p s e cl i c c . I c s o c h a preferred en: 
bcdiiECDt, the ievei shilier Ilip-liB? 5ec:ifiR inriudes a first p-ciianne" 
traasistor. a second p-chanDe! iransistcr. a f i r s r. n-tbarnti irari^istc: 
, and a seccod n-cbaone; traasisicr. which arc ccnnected as h;:if)*s. Tl 
e gate of the first p-cbastei ::aDSis:c: is snpp.ies viih ;h» ir.verrcd :• 
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a t a £ i g n a ! . w i i r i : s e c u : c e supplied ^ i I b a p c pp e : s ci : c c v r. ; .> c . \ ■ c v ; 
ftiDg the vcila?e '.cvel cf the inveittd data signal. The ic\: '-l 
c c D d p - c b a D a c I i r a q s : s l o : is supplied » i 1 1 the data s i g o a ! . :\. lis : v j 
fee supplied viii Ibe pcrer source voltage !cr sHfrijg the vo.iatt *f-c 
I gI the ioc'ied data signal. Tbe soe?ce cf tl"* lirsi R-cfczrinc: ::a:.s: 
5 1 c I is g r u 8 B i c c , with i : s il r i i n c c a n e c • e d v i I h the d : a i t 1 1 : 1; D \ 
-chaoDcl transisicr. lEd vfi-.h it$ gate ccoecled vith il;? (i:?.:r ci ihc s 
ecDDd p-channel iransisur ant ao ciitput dc^c cf the rcltagc cccvc::irg 
buffer circuit. The « c u r c e of the second c - c b a o a e 1 t r a n > : F i c ? is | : c ; Tj c 
e d , with i t J d i a : n c c o d c c t c d ^ 1 1 b i h e drain c f the s e ( g n c p - c ^ ? n r e t r r s t 
lister, and vith its gate eg needed wilfc the drain cf ihf ( i r £ i p-channe 
1 transsE tcr. Tfee delayed driving secticn includes a third r. -charcc. rr 
a n s i s t c r , a ! c u : t b a - c b a o n c 1 t r a a 5 i s i o r . a n c a delay b i c c k . ' ^' I: : cl- are c ? 
naecied as fdlcvs. Tbc scsrcc cf ihe tfcirc n-cbacnc! t?3n5:s:cr is g.'D 
coded, with its gate ccDccclcd with ibe gate cf the seccad E-chaErEi tra 
osistor, The scarce of the (curth o-cbacael cransisur is connected ri: 
b the drain cf the third n -channel Iraosistc:. ^ith its drain ccEnr. ctec 
tc the oat pat node of the vcltage ccn verting bvffe- circti: and the drai 
as cf the seccod p-chaanel IraDSisic: and tbc seccnc r cbarce'^ trar s:s:c 
r. The delay blcck is cusnccicd beivreeri the cotpu: node cf the fcMage 
c c n y e r : i 0 g buffer circuit a o d the gale c f t k o f c t : t f. n c h a n r. f " i r s n ? i * : G 
f , for t r a G s m i t : i n g the 1 e v c : shifted i r. v c : e d data s i p n 3 ; in i h e g 3 : c c 
I the I c u r t b 0 - ch 3 d c c 1 t r 3 n s ; s t c r with n p ; c d e 1 e r ni i 0 e d delay : ' rr f . 

Prefeiably, the delay time is sei longer than a time *hich is. n 
e e d e d I c r the w e a fc c r f ! i p - f 1 c p a c t i c e c f -he ! c v c ! 5 h i I : t .• f ■ i t ■ f ! c p itc 
t i CD . 

Preferably, the inverter secticn is ccapcscJ cf a CYOS. 
DESCRIPTION or THE PHEFERllED EMBODIMENTS 
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F g . 1 is a c i r c u i I diagram s h u * : o I a c 1 t a .e e c c c v g b : ; : 

circuit ticccrdlog tc at eirbc ri ime n i c/ cbe pre sect i n vt n t : la , The v^i^r 
e ccDTcriiDg bdfc? circuii nl Fig. I cumpriscs m isve-ter 1 

a level sbifte-r flip-flcp secticn 2 in the same way the c c ^ v# : l i r.rg : 

vtjltagc cccverting buffer circuit ct Fig. 5. Tlic vciiaps c c r. v f r : • t-i; 
icr circoil cf tti? embc d iir.e r • ftrtfce: cemprises <t deiayH dr:v:r>' 5c:t: 
CD 3. Tbe delayed drivirg sett ice 3 is ccinpcscs cf p-channc; puii-BpJiO 
S transinofS Ti and M8, and a neiay bicck 4. The delay biccl 4 i ?. ct^p 
osed cf a cbaiD cf iDTcrler gates as shewn ic Fig. 2. He:€: each invenc 
J gate may be ccnipc^cc ol a C.VIQb (p-cUncel aod D-charioei MOS irznsisic: 
s) invertci whicii.is the satr;e as the inverter secticr I. 

The ifivcrlc: scctiCD 1 is a CXOS iivtrtc! *h*. cl- ccnsisn cl a p 
-channel MOS t:aB£i$icr Ml and an n-chantel M05 tiaosi^tc: .V2 . Tlie inpi 
t ncde [IN; «f the voltage ccc^cniog bufler ciiccii is ccocectes :e tbe 

gates Gf tbe p-chaDcel MOS transislcr Ml at: the n-channcl MOS rransisi 
or M2, and the source cf the p channel MOS rraosinor YA is supplied »it 
h a pcTer scmce voltage VCCl, and :he sccrce cf the n-chcnnc!- MOS Mans 
tstcr M2 is grguodcd. The drains rhe p-cbacDci MOS iransisrcr Ml and 

the n-chanoel MOS iraEsinc! M2 a'f ccnnecicd ugcthcr. ard the ctipi: 
cl the iDTericr seclicc I is stpplipr [r, the gate cf i»o n-cbaonel i: 
ansistcr M'l cf the hve! s b i f t e • l;ip-fUp ieciint 2- The :npu! nr.if '! 
N) cf the veil age ccDve::ing brffer circuit i j: aisc cootcc-ed c an r-ch 
aone) MOS iransisicr M6 cf ihe lere) shifter fiip-fUp scc^cr 

Tbe levei skifier fiip-flep sccricr 2 is a ctr:en: mirrcr ^Mp- 
flcp latch circnit »kicb ccnsisis cf a p chamc* MOS lraDsis;?r y/: . liie 
B-chaonel MOS tracsisiCJ . a p-chaaDci MOS transistor M?. atd ibt n ch 
annel MOS iransijficr M6 . A pc»cr s c i f c c ' v c i t a ge VCC2 v^ich is iidepetde 
Dt cf tbe pcwe: soorcc vciiage VCCl :$ scppliea tc the ictrccs tie p- 
chaooet MOS transisicrs M3 an: Ms. acd tte gates cf item a:? Cvniirc : es 



(23) f^m^ 1 1 -2 3 9 0 5 1 



ith the drains cf :he R-chanoe! MOS Iracsistcrs >i6 aid .Vl • t ^ r • c : * v . 

The d:aio5 cf the p-channe.' MOS tJaoHr.G? M3 sec :fcc n-chaini :r:. 
osistcr M4 are ccccecied irgfther. The craios cl liic p-cbanrc! -ra* 
sistc/ MS acd the d chaeoel MU5 transistor M6 a:e similar*}' err. necu: : 
getber asd ibey are ccnneclcc ig :ke ccipui nude (OUT) cf the icii??? c f; 
Bverting beffer circuii. Th.e sucrces cl the ri-chaone! MOS i • 6 1 ; i ? i r. ; s x 
4 acd are g: cunde d . 

Here, if driviog abi!i:y cf the p-chaniie! MOS Uacsistc: .7r-c I'r. 
c D-chaonel MOS trans is tcr ir the level sbifier flip-ficp sccricn 1 If : 
be same (i.e. balance:]), the f i i p - I :• c p action c I the I e > c 1 s h i ( ; e : f i ' r - 
Hop seclicD 2 is set easy to eecur and ihc (lip-fjcp acticn Ui^tls ic :a 
ke a ICDg lime, cr there may be cases where lite fiip-flcp actici d^es dc- 
t cccar. Therefore. iiDbalacce is i d t er r : n b a I i y intrcdcccd inU ifcs ori^ 
isg ability cf tic MOS tracsistcrs in the level shifter f!:p-f:cp sectic 
Q 2, in which the drincg ability cf the n-chansc! MOS :iaBsis;c:s at 
d M6 is deliberately designed tc be stronger than the driving abiiitr cf 

the p-chanDc) MOS traDSistcrs M3 and M;. Cr.ficre:ely lie criviig abi::! 
J cf a MOS traosistcr is related tc the arjcont cf scu ; c e-d r a i n curicet c 
f the MOS transislcT, and the driving ability depend ^: cc ttc gate- v\i:h 
and the gate ienfth c( the MOS cransisrc r. The drivitg abiiiiy gets 5t: 
c 0 g e r as the g a i c width gets y i c e r . G e n e r a i ! y . the d : i > i n ? a I • i t " c ' r. 
-chaoDcl MOS trans is tcrs is sirctge: thai: ihal cl p-chacnc* \:0i^ . : -4 r. • : s t 
crs when the gale widlhs arc the Sarce, ann rha.^ i i: c:dc: t set th? 
iag ability of the p-channe 1 MOS trarsistcrt eqcal :c= ihat j: f tl. c s-cha: 
nel MOS transistcrs. :hc gate iridths cf the p chanre" VOS t:ars:?;i;:f 
d the B-channel MOS transistors are set a pp r cx ima t e : y 2:1 cxaT.pic- 
10 /£in and 5)uni). There fere, in ibis embed i men t . the d ; * v : n e ah-, i: y 
cl the D-channe! MOS tiacsistcis M4 acd M6 is set sircrger than that l- / 
the p-channe*. MOS trans is;crs M3 arj >I5 . by sctticg the pate T'dth? cf ; 
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he p-cli3Doel \:0S iransistcrj aod the n-chancel MQS : : ? r i : v • •. " : (• x i 
D d 5 >6f D: respective'::', for e i a ra p 1 P • 

Id the d c 1 a y c c d r i f i d g s e c I i c n 3 , the s c l : c c c f : h c - c r. <: ! !v 
OS iiansislc! M'' is stppiicc ffilh Ibc pG^e: scurcc ^cilaje VCC2. Tlv: ga 
le cl tbc p-chaOD€l MOS iraBsinci M7 is tnnnecitd with ihc ga'.c : ihe 
p-chaoncl MOS iraosiircr MS. The drain cl the p-ckancc) MOS i:ai?!:icr 
M7 is ccnnecled tc the set re c cf ihe p-chanoel MOS irar sist^jr ^'S , :h 
c drain c[ Ibc p-chacne! MQ5 iranjisrcr is ccEnectec :u the oiipr.. cf 

the level sfeiflCT flip-flcp sectic-t 2 (i.e. the juDCticE bttvcci; cr 
ains cf the p-diaisric! MOS trans:s!Gr MS ant: the fj-c^ianrei MOS trirsisicr 

M6) aDd the output cctc (OUT) cf ibc vcltage converting h y 1 f c : circiit. 
The delay blcck 4 is placed bet Teen the cut pet ncrr (on) arid I he ga:c 

of the p-channel *MOS iraiisistcr MS. ir c:de: :c transaiii :he cu'.pu: of 
the level shifter fiip-Ccp section 2 tc the gate of the p-charnc* .MOS i 
ransistci M8 with a predc i ermiBcc deiav -iiDe. 

Id tbc fotlcwiiig. the cperanca cf the veil age ccnverticg boffc 
r circuit g f F i g . 1 *^ i H be d e 5 c : i b e d . 

Vbcfl tfce input ocde -FN) is at a HIGH IcTel. the gate cf tfc( p- 
chaoBCl MOS Iraasistcr Ml is OFF and the ?3te cf the n-rfcariDe: MOS :TaBS 
istcr M2 is ON, thereby ifce cttput cf the in-errc? fec:icc I 1^ kcpj a; 
a LOW level. Tbus. Ihc n-channei MOS rraBtistor? \\\ 350 zr? OFF ar.; 
ON respectively, aiti acccrdlcgl? the cotptt ntne (O'.iT) \i a: 3 LO^V (■»-:' 

(OV) . When the iopat ncie ^IN) is at a LOW level, the ^atf. of : b e ii-cr 
anne! MOS tiansistcr Ml is ON aod the gate cf the n channe. .VOh trar.iip. 
cr M2 is OFF, thereby the ci:pul cl the iDve::er secticr 1 '-^ i;tp: a; a 
HIGH level. ThBS. the o-cbanEc! MOS iransi^icfS M4 ans Wl a-e OS' a:.: OF 
F lespectiTclj . AccnrdinglY, tbc gate cl ih? p-cbanfic! VOS I • a r?^ • f : c ? ^i 
5 is at a LOW levc! acd ON. aid ihes tht cuipu; ncde (OUT/ i j i- a IliGK 
Icrel (VCC2) . As a bete, the input data signa* at the in pet icde ; . N, ■. S 
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iflveited by ihe inre;:e: sccticn 1 ana ifec UtcI cf t»;c ?:?!:£' = 
ed accGitiicg tc the poffer sccrce vollage YCC2 by ih« icvc! ?h=i:c: :1 
flop sedicD 2. 

Whet LOIV tG HIGH dala tracsilicD cccufS at the irps:-. r.Hc iiN, . 

the n-chaene! .^LOS rranfijicr M2 turn? ON which io i c r r. pt > = f g^,-.c c 
f the E-chaDoci MOS iiatsistc: M4 OFF. A: the same lime. 'A-: wcicihti 
MOS t racs i St c: .M6 i j; icrncd ON and pills iht cutpot rede -iOl'T; 10*4". 1\e 
ullaoecDSly. thf p-channfl NlOS transisLcr M3 is tortec ON p: iig n^. 
dc A io Fig. I HIGH. Thcs, bcth tke p-cbanrel MOS trarsisrcr Mh and s 
re tamed OFF. After ttis, the LOW level of the cBtpot rcdc 'i)'^] i? 
ansniitled thrctgh the delay bicck 4 aod ruirs the p-chaace! i^Qii ::ans:5; 
cr M8 ON, As describee* abcve. HIGH ir, LQ^ data iraDnticn at :fcc cutpc: 

Dcde (our) according tc the LOW tc HIGH data traositico a! the in-ut r.G 
dc (IS) occurs io the sarne way as the ccDv«ntiGoa' vclta^c ccsvenicj b: 
(fcr circuit of Fig-S. 

Wheo HIGH tc LOW data iracsitico occurs at the input ncde (IS), 

the p-chaniiel MOS transisrc: Ml teres ON. anc the n-chaDnt: MUS iransii 
tcrs M2 and turn OFF. Thus, the p-chaoEci MOS irafsisicr VI piiii?. th 
e o-chaoDcl MOS tiaDsistc: .M4 ON. ^phich then turns the p-charcei >iO? ira 
nsistcrs M5 aod M7 ON. This if. the ocly tirric when the p chanrc; .VOS :j2 
BSistcrs M5: M7 acd M? a •• e aM ON a: :he sjac litce. Ther.. 'ft icnt::r:xZ 
driiiog pciFer cl the p channe; MOS transisMjr? . an: %t pc.;i i'ti c 
9tpBt aodc (OUT) ic a HIGH level very cuicki). Af-.er tiiis. the yiiGii lev 
el cl the oitpul ocdc lOlIT) li r r at srri 1 1 e d -hmugh the de'a' bicck \ and 

turns the p-chatncl MOS traDSistc: OFF. As described abc-v^. LO^' it 
HIGH data tiaositicD ai iht cctpat Dcde (OUT) acccrding ir. tfee HIGH rc. i. 
OW data traasitito a: the ifipu: node (IN) made rcich qu:ci;e: i r ccrcpa: 
iscE ffith the cuflvcitiGDsl Tcl:a?e ccnTerticg buffer ci.'cc'; cf F:?.; as 

shown in Fig. 3 . 
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As s h c *^ : above, according : g t li e e ir b c d i m e r; t. . is t ;. c • r. 1 5 c r. c c c 
TCilagc ccDTertitg buffer circuii ccmprisiog the C.VUS irvrr-.r- bcc.ivr ! 

and tfae IcTci shif:c: flip-Iicp 5cctic£ 2 inlo ffhich :fcf s-bilar.c. 1 1 : 
be driving ability is i n i r c d u c c il £ c ; b a ; i b e d : : v i c g a b i = i i y n ^ : f i; - c h 
aooei MOS tratsis:c:s V4 aisd ViS will bcccroc jiiccgCT !han :hs: rf 
cbaflnel M05 i fans : s : or s M3 and MS. ihe LOW tc HIGH daia iriii5l:iGr :h 
e cut pot Bcdc ;OUT) is icaic irsch quicker by prcvid'. the sciaycc crivir. 
i seclicj 3 iDrlcding the ^clzy block 4 atd :be p-cliajnel 5c*l-u? M05 
aDsistcfs M? and MS fc: assisiing il:c LOW tc HIGH cutpu? data tr^njiticr 
, t h e r c b f high speed f ! i p - f 1 c p a c t i c r c I i h e I e v e ! s h i f • c t f 1 : p - 1 ; c p ^ c r 
I loo 2 with respect tc bc:h HIGH tc LOW daia irarisiticn anii LOW jc iUGH 
data 1 1 a Q s i t i c c c f the. i c p u t data s i g d a is realized. 

Fig. 4 it a circuit diagram shcftiog a voltage cccverting buffer 
circuit according tc ibe seeped cmbcdiiccoi cf th< prcsca: iEvcnticE. Th 
c vcltagc ccoverting beffcr circoit cf Fig.< comprise: ao isverter sect! 
OD I aad a Icvti shifter flip-flcp scciico 2'. aad a delayed driring sec 
ticD 3' . Tbe delayed driving scclicn 3' is corcpcscd cf c-chanre' pnl)-d 
own MOS tiaosiJtcr? MU aiid MIS, ant a deiay blcck 4. The delay hicrk 4 
is compcsed cf a chair cf inverter gates :g the same waj ai rbai nl the 
first embodiment. 

Tb« inverter serticc I is a CMOS iDve:tc: vhich ba^ th*^ farns cc 
c p c s i t i c D as that n I tbe 1 i r 1 1 c m b u d i n: c n : . 1 ft t h € second e n: b c t i ir f n : . t h 
e 0 D t p u t c f the i o v e r t e r s e c i i c n I : s supplied I c the fate c ^ ? P c h a n r. e 
I MOS t rans is ur Ml 3 cf thf I eve: stifier fiip-flcp section 2 . 'i r r irip 
Bl Dcde (IN) cf tie tclrage ccnveiiing buffer ci.'cci: .s cc7.r€-:ies :o a 
p-channcl MOS traiisisicr .VII 5 cf rtr ievcl sbif:cr f.ip-f'cp sccticr 2' . 

Tbe I eve: sliifte; flip ficp secticD 2' is a ocrrcD; jr:'r?^i: f'ip 
-flop latch circuit ard ccnsists cf the p-chanie! MOS irans'stor V.l'L an 
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D-chaoEc! MOS i:3&s:Jtcr Ml 4. the p-chanDc: MOS : : a n 5 : i : .- ?r. 
D-chaiiDcl MOS iracsisicr \il6. A pcwe: icurcc vciragf VCCl' ^ !■:'•: ircc 
pecdcBt cf ihc po??c: sciirce vcltage VCCI c( the iiver-er scfi;!:- 1 is si 
pplied tc ihc scticcs cf ile p-ckacce; MOS trarsiitcrs Y:]2 ? r: : y] b . Ih? 
gates cf Ihc p-cl:anfi<) .YOS trac-nflcrs MI3 ard M15 ar€ sippieti -iih *. f. 
« G u t p E t 8 0 c ihc i D p li 1 c f I h e : r. V c J t c : $ c c ! i d r 1 r e s p c c : • v c . y . « 5. rr c o : : c 
ted abcvc. The drain? cf ihe p-charne! MOS rransisrcr VIE ac: ir. e :-ch'd 
Boel MOS Iransistci Ml4 are ccac^cte: tcgciher. The drs'ns cf the d-cI;'* 
8 D 1 1 MO S t r 8 n 5 i s : u r MIS and i h e n - c h a a n e 1 MOS t r a n < i e r g r V 1 6 arc s i ir. : i 3 : 
ly CCD Bee ted icgetiier aec ibcy arc ccurjectfd tc the ctlput ncde 'OlM; n I 
the Fcltagc ccDvcrtiog buffo circuit. The- gaus of tbe n-chariric! .V.OS 
traasistcfs M14 aod M)6 arc ccarcclcd wi;b lit drains the p channe' V 
OS transistors M15 aod M12. rtspccl i vc i y . The sources cf -fcf r- chanrei 
MOS traosistcrs MI4 acd Ml6 arc frcunded. 

Htrc, siniilajly to tfcc (ifs: emb od i b-.« n: . cnbalance is intcrtioc 
ally inticduced iotc tbe driviog aliiity cf tU MOS trassistcrs in the i 
eve! shifter fiip-ficp sectiur I , in which Ite drivicg ability cf the p 
-cfcanoe! MOS traosisicrs Ml3 and M15 is deliberately desrgted ic be slrt 
ager thas that ci Ibe n-chicnti MOS t ? a c s i s I o r s Ml4 arid.VlG. Concreielv 
fiBCb a D balance can be fealizcc by seeing ihe jatc ir:d:bs cf the p-rJ^t 
Bel MOS transisicr? and the n-chacEc: MOS iran«:stcrs a: IC //ir anri k 
respectively. [ c : e x a ir. p 1 e . 

In the delayed dfivitg jcctier. 3'. ibc secret cf Ih? n cbarn*' 
MOS transinci M17 is grGuodcd. Tbe gate cf the o-channei MOS ircosisis 
r M17 is coDoecred vilh (be gate cf the t-charjcc" XOS iracsis;-:- MiT T 
he draic cf the n-channel MOS iranrificr 5117 is ccDoccies ic ihe sscrce 
cf the n-chaoDci MOS transistcr Mlfi. and the drain cf the r:-cl.8ncc' i^OS 
transistor Ml! is connected t c tbe n a i p u : c f the : c v c : s L i f :. c : ' 1 i p - j : c p 
secticD 2' (i.e. tfce iuncticn betvefa the drain? cf :hc p-charnc! MOS : 
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ransisicr MI5 acd the c-chantci MS ijaisistcr )i:6/ arc :>? rr;>:; rrcc 
(OUT) cl Ihc vriagc ce:ve::ing buffer circci:. The di? c/ h.rrr 
aced between the cuipu: ni^se (OUT) act! ihe gate gI the r-(har.r.!: M'-S 1:3 
D 5 i s ; c r MIS, i 0 r 2 f r t c t : a h s m : t the e « l p b t of the • r-' « ! is h ; ' : c : : i : c - ' 
Up secticii 2' tc the gaie uf the o-cbaocei ^05 Irans isrc: Mi K vitc a p: 
edetermined de^ay iime. 

In the i c^li'i . the cpciaiice c-l the voira^e cGnrriing h:ffe 
r circuit c f F i j . 4 w i 1 ! be describee". 

Whec the ir. pii ncde (IN) is a I 2 HIGH level, the gate cl ihe p- 
chaooel M05 traasisrcr Mi i5 OFF aod ihc gale of the c-channei MOS tisn? 
is tor M2 is- O.N, the-eby the nut put cf the iovcric: stcticn 1 is kep^. a: 
a LOW level. Tbus, tlie p-chaDnc: .V05 transistcrs X)3 sr.d yi5 a'e ON snri 
OFF respectively. Accordingly, tfec gate tf Ihf c -channel rrartsisln 
r M16 is at a HIGH Iciel and O.N, acd the? llic cuipi: r.oce xOvT; :$ at a 
LOW level (OV). 

When the input lait (IN) is 1: a LOH' letei. the gate cl the p-c 
banoe) MOS traosistc: Ml if ON aed ihi ga:c cl the i-chaciie: MOS tracsi.^ 
icr M2 i$ OFF, thereby the rttput cf ihe :G\ci:e: section i ie kept at a 

HIGH letcl. Thus, the p-cbanne! MOS iransistcrs M13 an: MIS are OFF ar 
d ON lespeciiTely, and acccrdicgiy the cetpul ncac (OUT) is a: a HIGH Ic 
vcl (VCC2) . As above, the input data signai at the inpii r^df 'IN- :?. : 
0 V e J t e d by the inverter 5 c c * i c c I a n c ihc I c v c • c f the s : g n ^ * if ? h i f I e d 

according tc the pcwer Jcurce voltage VCC2 bf :L*: ieve; shif'.fr (■ip-fi 
Gp sec t i cc 2 . 

When HIGH tc LOW data irarsiticn ccfc-b a; ih: ifipti \iS] . 

the p-cbaDDcl MOS trarsistcr Ml turrs ON which ic turF. puii? the ga;'; 0 
\ the p-chaanel MOS transistor M13 OFF. A: the ?atr.e lime Mic p-chatnt'i 

MOS transistor Ml5 is iurocd ON ans p«iis the cctptt ccut 'OjT; H:G.H. 
SiiniliaDecusij . the c-cfcanoel >IOS t.'ansistcr \il4 ii tirEeo ON piliirp :k 
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c node h in Fig. 4 LOW. Tbus. both ilic D-chacnel MOS Mats:- -'- V'u arc 

M17 are turned OFF. Af:t: this, she HiCH level ol the putpu: nrcr- [OJT 
) is ! racjn:; I: tti ihfcugh Ihe delay bicck 4 and tunj the r 'hin-.c' MOS : 
ransistcr V!IS ON. descibed abuve, LOW lo HIGH cata t:as!ii:io- ::ct: 
s at the output rcce (Oi!T; acccrding to ifcc HIGH to LO^' da:? t rsn* : : i-W: 
a : the input cede (IN;. 

When LOW tc HIGH data tiansiticn occurs at the irpr: izzt U\\ . 

the D-chatoel MOS transiitc; K2 turss ON, and the p-chanuei MOS trar?:? 
tcrs Ml and ?dl 5 t e r r- OFF. Tbus, the n-channc! MOS liaEsisttr .V;2 pi''^£ : 
be p-chacoel MOS JraDSistcr MIH ON. 7l:ich then turns ibe c-cha^rc! MOS i 
HDsistcrs M16 acd M17 0.\. Thi< is the G n I y tine -hen :be o-ctance- VOSi 

traasisicrs Ml 6, Ml 7 acd MIS are ai: ON at the same liirc. Then, the cc 
mbioed driving pcrc: cf the u-channcl MOS traosistcrs .Ml6. .\'17 arc Ml8 p 
alls the CBtput node (OUT) ic a 10^ jeve! very qiiickiy. After this, tre 

LOW IcTcl of the cnlpct rede (OUT) is t r a liS mi 1 1 c d through the de:av blc 
ck 4 aod turos the n cbanriel MOS tiaDsistui MIS OFF. As describee- above 
, HIGH ic LOW data traEsiticr at the CLiptt ocde ^OUT) according tc :fce 
LOW to UGH data tiansiticn at the icpul ncde CIN'} is itade in«ch quicker 
Id comparisoo with the case fhere the Tcltagc ccnvciling buffer circci: 
is no I provided with the delayed drivicf sect ice 3'. 

As s b c ¥ n a b c V e . a c c c r d i n R t c t L c 5 e c c n d c n: b c i* 1 fri e n t in i h f. c n b 
laaced voltage ccrvertii'g buffer circtit c p : i ? : n g the CiiOS ir.ve'ic st 
ctica 1 acd the level sbifte- flip-f-cp sect: en 2' iD;o ^?l:i<fi the snbala 
D c t c ( 1 b c d r i V i 0 g ability is i o t r c s u c c c s c 1 1 a l i U c* r i v i t g a b i 1 ; : y c ( 
the p-chaoaei MOS iraosistcrs M13 anc ^^15 tI;! beccitc s:rccgcf •Jm iha: 

cf the o-chaonei MOS transistors JI14 aoc .M16. the HIGH to LOW da;a -.rar? 
sitica at the cot pit cede COUT) is rcadc much uifkt r by prcvjcing the de 
lared driving section 3' iocludicg the delay bUck 4 an: the D*-chai:ci p 
ill-down MOS iransistcrs Ml? aod M15 fc; assisting rbe HiG-i :c LOH* cr.p'J 
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t data Iranfiticc, thereby h:?h spcc-si (lip-flcp a c t : : r. (f : I- f :cvr jT:! 
ter flif'-fiGP fieciicn 2" ^»'ith respect ig bcih KiGH :: LOVt c'sra :r?.r. i:::c 
D 3Dd LOW tc HIGH da: a Iran si lice cf ihe icpet data is r e a r! . 
Effects c f the i n v « r. t i g t 

As set. fcrth hereinabove, in llic rcitafc conv€!t'r;e i/:lfe: : : t 
01 t accoiaiog tc the prtsert invcctico. the resuitani pjc b:er^ t\ 'At cc 
Dventicna: unbalanced vcllagc ccnvcriiog btffe: circu;: )i : ? ? r ; v e : . iT:t 
b i g h speed d 8 r i t ? a r s i t : c d a : t k e o c l p c l n c d < d f r h e v t ": 1 2 g e c c n v ? 7 : : n 2 
biffer circuit is realiicc with jcspcci ic bcib HIGH te LOW car 3 irasfi 
ticn and LOW tc HIGH data traositici; a: ibc inpu; code cf the voltarc cr 
D veil log buffer circuit. 

WhiW the prescrt in yen ticn Ihi been d c 5 c : i b e c 'vv ; t h refe'ercf :. 
G the particular iliinraiive eoib c d i mc r. ; $ . :t nc: ic be resiricrfc bf 
these eiDbcd imen 1 5 but caly b? the appenccd claitni. i: i.s tc be apprec: 
atcd tbat tkose skilled in an can cbaogc or n^cdify tbe embcdiineni!; 
vithoftt departing ft cm ihe srepe aod spiri: cf Ibe p reseat inventicn. 
4 Brief Descripticn cf Drawings 

Fig. I is a circiit diagram shcwiog a vcliage cocvci'ling bulft: 
circsit according tc an ercbcdiment cf the p:escn: iarceticn. 

Fjg.2 is a circiit diagran shewing c ciapc s i ; i 0 1 cl a celayeri sri 
ting s e c 1 1 0 B i e the v c 1 1 a g c c n a v c r : i o g b p f f e r c i r c i : : c f Fig.:. 

F i g . 3 is a t i re : n g chart s h c ? e g the i i p a i a 0 d r fc c e u • ? : c ^ : t- e 
voltage converting buffer circuit cf Fig.l. 

F i I . ^ is a circuit diagram « b c w i c g a ^ c i 1 3 ? c c 0 1: t e r t i t g buffer 
circuit a c c c r d i D g u : b e second e rob c d i rr; e n t c f the preset: i r » 1 1 1 i c r. . 

Fij,5 is a circuit diag-am shew lag a genera: 1> u:t: c t n v e n r i g n £ 
} vcltagc ccnveiting buffer circuit. 
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Fif.6 is a timing cbart shDvisg ih< itpit an: ri;'i:-:: r! ihc 
cooico t i cna ; ?c!iagf cco?eri:ng bcllci circuit cf Fig.:*. 
Descriplicn rf Kelerencc Chaiacte.'S 
1 i D T f r t e r f. t c r i c n 

2, 2' lere; sbifier iiip-flcp scctitc 

3, 3* dclaffd driviig secier 
4 deia]fb:nct 

M3, MS, Ti, M8, MIS. Ml: p-chUiDcl MOS iransistc: 

M6, Mir \n6, iil7, M18 D'cbaciicl \i'OS irjoslucr 
(IN) input ncce 
(OUT) cut put Dcce 
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] Abstract 

A V c : t a g c c 'J D V c : I i n g b H I e : c : : c i- i t c en: p : * s e 5 ? r. : : v ; ; ^ ; ; 3 r c l : 
CO 1 , a level s h : f t e i 1 i : p - f : c p 5 e c : i c t 2 , a o c a c c I a y e ri r! : i v : n ? i € c li c d 

3. The inveitc! scclict I iBverts data sigaa's ^hich are Supplie: tc i 
s in pot ocde (IS;. Tit ! c » c ! • 5 h .' f i c r flip- (Up set; i or 2 :f iGicpctc: 

a cuircEi mirrci flip-Mcp ;a:cb circuii inc!t::nf; i^n p-fhsiric." .\?05 tr 
aDSistcrs M3 , M5 aoc tvc D-chimcl MOS traciiucrs .M4 . Vi6 , Tl: c: [eve! sfc 

1 f t e r f I i p - f 1 € p s e c t i c c 2 receives the data s i g r. a ! and the i n v e : t e : data 
signal 5 itD5 1 tan cnoH f , s hi its tfce vcila?e level cf tbe invener data si 

J n a i » a D d c b t p c 1 5 the i e v f 1 s ii i f : e d i rj v c r : c £ d 3 : a s ; g d 3 ' . In 1 1: € I c v « : 
shifter f li p - f I c p ^ « r c i c c 2 , b n b a 1 a c c c is i t : r c d « c e 0 i li t c d ' ; r i r ^ a b : i : t 
J sc that tlif driviug abilliy cf the r.-cbaQuel M03 tracsistGrj . M6 v\ 
11 be strcnge; tbac tbai cf the p-cliaDcei MOS transistcrs . M5 in the 
same way as the coht en ticca! c: fee's. The selayed driiiEg pettier 3 lbc 
Icdes a delay bicck 4 aod p-cbacDcl MOS iraosistors .V7 atd MH. The dels 
fed driYiDg sectici! assiits diivicg ability cf tbe vcDke* p charne: MOS 
traBSistcrs M3, Mli and a^sisU weaker f'iip-flcp acticn cf 1 1^ e ir.vei iihif 
ter flip-flop secticn 2 wfaich has beer made weaker due tc tbe onhalance. 
thereby LOW it HIGH data tracjiticD ai :te cu:pbt cede [O'.'H'j is iracc 
ch qoicker in ccmpariscc vith the ccDvcGlicoa! ci.'ccii. 

2 Kepresenta: : ye Draving 
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